Introduction {#tca12345-sec-0005}
============

Lung cancer is the leading cause of cancer‐related death worldwide.[1](#tca12345-bib-0001){ref-type="ref"} According to the American Cancer Society, the five‐year survival rate of stage I non‐small cell lung cancer (NSCLC) is 49%, while in stage IV it is only 1%. In China, lung cancer is one of the most common cancers and the leading cause of cancer death in both urban and rural areas.[2](#tca12345-bib-0002){ref-type="ref"} NSCLC accounts for approximately 85% of lung cancer diagnoses. Adenocarcinoma and squamous cell carcinoma are the two main types of NSCLC. Current therapeutic approaches include surgery, chemotherapy, radiation therapy, and targeted therapy; however these treatments do not cure the disease.[1](#tca12345-bib-0001){ref-type="ref"}, [2](#tca12345-bib-0002){ref-type="ref"} Therefore, it is important to identify useful molecular makers to assist early diagnosis and accurate prediction of prognosis in patients with NSCLC.

The mammalian nuclear transcription factor kappa B (NF‐κB) family consists of five members, including: p105/p50 (NF‐κB1), p100/p52 (NF‐κB2), p65 (RelA), RelB, and c‐Rel.[3](#tca12345-bib-0003){ref-type="ref"} These subunits form diverse homo‐dimers and hetero‐dimers that regulate transcription of their respective target genes. Upon stimulation with different receptors, NF‐κB subunits can be activated by classical and alternative NF‐κB pathways.[4](#tca12345-bib-0004){ref-type="ref"}, [5](#tca12345-bib-0005){ref-type="ref"} NF‐κB subunits participate in various biological processes and play critical roles in cell growth and survival, and immune and inflammatory responses.[4](#tca12345-bib-0004){ref-type="ref"} Aberrant NF‐κB activities are involved in many inflammatory diseases, leukemia, and solid tumors.[5](#tca12345-bib-0005){ref-type="ref"}, [6](#tca12345-bib-0006){ref-type="ref"}, [7](#tca12345-bib-0007){ref-type="ref"}

In the alternative NF‐κB signaling pathway, the central players are RelB and p100/p52.[4](#tca12345-bib-0004){ref-type="ref"} The signaling pathway is activated by IκB kinase α (IKK)α‐dependent processing of the inhibitory NF‐κB2/p100 protein to p52, resulting in transcriptionally activated RelB/p52 hetero‐dimers.[5](#tca12345-bib-0005){ref-type="ref"} The role of RelB has been studied in hematopoietic malignancies and solid tumors. In breast cancer cells, RelB and aryl hydrocarbon receptor (AhR) play a critical role in the regulation of interleukin (IL)‐8 and the anti‐apoptotic response.[8](#tca12345-bib-0008){ref-type="ref"} In Hodgkin lymphoma (HL), HL cells require RelB for sustaining viability.[9](#tca12345-bib-0009){ref-type="ref"} In multiple myeloma (MM), RelB is frequently activated in MM patient samples, and is a crucial positive regulator for MM cell survival.[10](#tca12345-bib-0010){ref-type="ref"} In mesenchymal glioma, RelB is an oncogenic driver of mesenchymal glioma tumor growth and invasion.[11](#tca12345-bib-0011){ref-type="ref"} However, the role of RelB in NSCLC has not been thoroughly examined.

In this study, we found that RelB was present at different expression levels in adenocarcinoma and squamous cell carcinoma. In addition, the NSCLC patients with high RelB expression had significantly shorter overall survival (OS) than those with low RelB expression. High RelB expression could be considered an independent prognostic factor for lower OS in patients with NSCLC.

Methods {#tca12345-sec-0006}
=======

Patients and clinicopathological features {#tca12345-sec-0007}
-----------------------------------------

The Clinical Research Ethics Committee of the First Affiliated Hospital of Soochow University, China, approved the use of patient samples. The study included all patients with lung cancer who were diagnosed, treated, and followed at the First Affiliated Hospital of Soochow University from 2009 to 2014. All patients accepted treatment according to the following principles. Stage I: surgical treatment is preferred. Stage II: surgical treatment is preferred; chemotherapy (a cisplatin‐based doublet chemotherapeutic regimen) was administered. Stage III: resectable stage III includes T3N1, T4N0--1, and a single N2 lymph node smaller than 3 cm. Surgical treatment is preferred; chemotherapy and sequential radiotherapy were administered. Stage IV: treatment includes isolation of brain metastases, adrenal metastases, or contralateral lung nodules. Surgical treatment was performed, followed by whole brain stereotactic ablative radiotherapy (SABR) or local therapy for adrenal lesions.

Inclusion criteria for the study were: (i) completely surgically resected and pathologically confirmed primary NSCLC; (ii) complete medical records; and (iii) available and well‐preserved paraffin‐embedded blocks. Exclusion criteria were: (i) radiotherapy and chemotherapy treatment before resection; (ii) staging data not available; and (iii) incomplete follow‐up data. In total, 280 patients who underwent complete resection were recruited into our study. Detailed follow‐up was available for 222 patients and 115 patients were analyzed for RelB expression. Clinicopathological information was obtained from medical records and pathology reports. Tumor diagnosis and histological classification were based on a new multidisciplinary classification of lung cancer proposed by the International Association for the Study of Lung Cancer, the American Thoracic Society, and the European Respiratory Society.[12](#tca12345-bib-0012){ref-type="ref"} Tumor node metastasis (TNM) pathological staging was classified according to the seventh edition staging system of the American Joint Committee on Cancer.[13](#tca12345-bib-0013){ref-type="ref"} Clinicopathological information is detailed in Table [1](#tca12345-tbl-0001){ref-type="table-wrap"}.

###### 

Relationship between RelB expression and clinicopathological characteristics

  Characteristics             RelB expression   *P* value       
  --------------------------- ----------------- --------------- -------------------------------------------------
  Gender                                                        0.731
  Male                        27 (54.0)         23 (46.0)       
  Female                      33 (50.8)         32 (49.2)       
  Age                                                           0.596
  Mean ± SD                   60.04 ± 10.25     60.19 ± 10.34   
  Range                       34--83            39--87          
  Smoking                                                       0.733
  Yes                         20 (50.0)         20 (50.0)       
  No                          40 (53.3)         35 (46.7)       
  Histology                                                     0.899
  ADC                         43 (51.8)         40 (48.2)       
  SCC                         17 (53.1)         15 (46.9)       
  Degree of differentiation                                     0.023[\*](#tca12345-note-0001){ref-type="fn"}
  Low                         23 (67.6)         11 (32.4)       
  Middle                      34 (47.2)         38 (52.8)       
  High                        3 (33.3)          6 (66.7)        
  Depth of tumor invasion                                       \<0.001[\*](#tca12345-note-0001){ref-type="fn"}
  T1                          10 (29.4)         24 (70.6)       
  T2                          28 (53.9)         24 (46.1)       
  T3                          13 (72.2)         5 (27.8)        
  T4                          9 (81.8)          2 (18.2)        
  Lymph node metastasis                                         0.017[\*](#tca12345-note-0001){ref-type="fn"}
  N0                          20 (41.7)         28 (58.3)       
  N1                          30 (54.5)         25 (45.6)       
  N2                          10 (83.3)         2 (16.7)        
  Distant metastases                                            0.004[\*](#tca12345-note-0001){ref-type="fn"}
  No                          47 (47.0)         53 (53.0)       
  Yes                         13 (86.7)         2 (13.3)        
  TNM stage                                                     \<0.001[\*](#tca12345-note-0001){ref-type="fn"}
  I                           9 (27.3)          24 (72.7)       
  II                          17 (41.5)         24 (58.5)       
  III                         21 (80.8)         5 (19.2)        
  IV                          13 (86.7)         2 (13.3)        

The difference had statistical significance. ADC, adenocarcinoma; NSCLC, non‐small cell lung cancer; SD, standard deviation; SCC, squamous cell carcinoma; TNM, tumor node metastasis.

Tissue specimens and immunohistochemistry (IHC) {#tca12345-sec-0008}
-----------------------------------------------

RelB expression was analyzed by immunohistochemistry (IHC) in four micrometer‐thick, formalin‐fixed, paraffin‐embedded (FFPE) sections. Tissue IHC was performed using a standard peroxidase‐based staining method. Tissue sections were incubated in a dry oven at 60°C for one hour, dewaxed in xylene for 3 × 10 minutes, and rehydrated with graded ethanol in 100%, 100%, 95%, 90%, 80%, and 70% ethanol for five minutes each. Antigen retrieval was then performed by pretreatment of the slides in 0.01 M citrate buffer (pH 6.0) using a microwave oven. Subsequently, the sections were treated with 3% hydrogen peroxide (H~2~O~2~) for 10 minutes in order to block endogenous peroxidase. The sections were washed with 1 × phosphate buffered saline (PBS; pH 7.4) and were incubated with rabbit anti‐RelB antibody (dilution 1:200; Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) overnight at 4°C. The sections were then washed with 1 × PBS and incubated with biotinylated goat anti‐rabbit immunoglobulin G. For each sample, the omission of primary antibody was used as a negative control. Finally, 3, 3‐diaminobenzine (DAB) was used to visualize the immunoreactive products. The results were evaluated by System Microscope IX71 (Olympus America Inc., Center Valley, PA, USA).

Evaluation of IHC {#tca12345-sec-0009}
-----------------

Two experienced pathologists analyzed the IHC results. RelB expression was graded on a scale of 0--3 according to the cells' staining intensity and positive rate. Cytoplasmic staining with or without nuclear staining was considered positive for RelB expression. RelB expression was scored as follows: 0, no staining or \<10% of tumor cells expressing RelB; 1, weak staining in \>10% of tumor cells or moderate staining in 10--70% of tumor cells expressing RelB; 2, moderate staining in \>70% of tumor cells or strong staining in 10--70% of tumor cells expressing RelB; and 3, strong staining in \>70% of tumor cells expressing RelB. All scores were divided into two groups: low (0--1) and high RelB expression (2--3) in NSCLC samples.[14](#tca12345-bib-0014){ref-type="ref"}

Survival and correlation analysis {#tca12345-sec-0010}
---------------------------------

Overall survival was defined from the first surgery until death and was analyzed in March 2015. The follow‐up duration ranged from 2 to 66 months (median follow‐up 29 months). The causes of death were mainly cancer relapse. The Kaplan--Meier method applying the log‐rank test was used to estimate the differences in OS between high and low RelB expression cases in patients with NSCLC. Univariate and multivariate Cox proportional hazards regression analyses were carried out to identify factors that had a significant impact on OS. Significant variables (*P* \< 0.05) in univariate Cox proportional hazards regression analysis were entered into multivariate analysis.

Statistical analysis {#tca12345-sec-0011}
--------------------

Clinical characteristics of the subjects are summarized as mean ± standard deviations for continuous variables and number (%) for categorical variables. Chi‐square or two‐tailed Fisher\'s exact tests were used to analyze possible associations between qualitative clinicopathological variables and RelB expression. SPSS statistical software version 16.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. *P* \< 0.05 was considered statistically significant.

Results {#tca12345-sec-0012}
=======

RelB expression increased in non‐small cell lung cancer (NSCLC) formalin‐fixed, paraffin‐embedded samples {#tca12345-sec-0013}
---------------------------------------------------------------------------------------------------------

RelB expression was hardly detected in adjacent non‐neoplastic tissue (Fig [1](#tca12345-fig-0001){ref-type="fig"}a--c); however, RelB expression could be detected in adenocarcinoma by IHC, although a clear heterogeneity of RelB expression was observed among different samples of adenocarcinoma patients. Overall, low RelB expression was detected in 40/83 (48.2%) samples, with high RelB expression in 43/83 (51.8%) samples. While RelB expression was detected in the cytoplastic fraction of all adenocarcinoma cells, the nuclear expression of RelB was detected only in parts of samples (Fig [1](#tca12345-fig-0001){ref-type="fig"}d--f).

![RelB expression in non‐small cell lung cancer tissues and adjacent non‐neoplastic tissue based on immunohistochemistry (magnification ×200). (**a--c**) Negative RelB expression in adjacent non‐neoplastic adenocarcinoma tissues; (**d--f**) negative, low, and high RelB expression in adenocarcinoma tissues, respectively; (**g--i**) negative RelB expression in adjacent non‐neoplastic squamous cell carcinoma tissues; (**j--l**) negative, low, and high RelB expression in squamous cell carcinoma tissues, respectively.](TCA-7-415-g002){#tca12345-fig-0001}

Similarly, heterogeneity of RelB expression was also observed in squamous cell carcinoma. RelB expression was hardly detected in adjacent non‐neoplastic tissue (Fig [1](#tca12345-fig-0001){ref-type="fig"}g--i). Low and high RelB expression was detected in 15/32 (46.9%) and in 17/32 (53.1%) squamous cell carcinoma samples, respectively (Fig [1](#tca12345-fig-0001){ref-type="fig"}j--l). The frequency of high RelB expression was slightly higher in squamous cell carcinoma 17/32 (53.1%) than in adenocarcinoma 43/83 (51.8%); however no statistical significance was observed (*P* = 0.89). This data suggests that RelB expression was absent in adjacent non‐neoplastic tissue in adenocarcinoma and squamous cell carcinoma. RelB expression was increased in either adenocarcinoma or squamous cell carcinoma, although different expression levels were observed.

Correlation between RelB expression and clinicopathological features of NSCLC patients {#tca12345-sec-0014}
--------------------------------------------------------------------------------------

The relationship between RelB expression and the clinicopathological characteristics of NSCLC patients is summarized in Table [1](#tca12345-tbl-0001){ref-type="table-wrap"}. The RelB expression level was not correlated with gender, age, smoking status, or pathology of NSCLC patients. A high level of RelB expression was more frequently observed in low‐differentiation than in high‐differentiation samples. In low, middle, and high‐differentiation samples, the frequencies of high RelB expression were 67.6%, 47.2%, and 33.3%, respectively, indicating that the RelB expression level was negatively correlated with tumor differentiation status (*P* = 0.023). Among T1, T2, T3, and T4 stage samples, the frequencies of high RelB expression were 29.4%, 53.9%, 72.2%, and 81.8%, respectively, indicating that RelB expression was positively correlated with tumor progression (*P* \< 0.001). In N0, N1, and N2 stage samples, the frequencies of high RelB expression were 41.7%, 54.5%, and 83.3%, indicating that RelB expression was significantly correlated with lymph node metastasis (*P* \< 0.017). High RelB expression occurred more frequently in patients with distant metastasis (86.7%) than in patients without (47.0%), indicating that RelB expression was significantly correlated with distant metastasis (*P* = 0.004).

High RelB expression was more frequently observed in advanced clinical stage than in early stage samples. Among stage I, II, III, and IV samples, the percentages of high RelB expression were 27.3%, 41.5%, 80.8%, and 86.7%, respectively, suggesting that RelB expression was positively significantly correlated with TNM stage (*P* \< 0.001).

Survival analysis and prognostic significance of high RelB expression in NSCLC patients {#tca12345-sec-0015}
---------------------------------------------------------------------------------------

The relationship between RelB expression and OS in 115 NSCLC patients was analyzed by Kaplan--Meier using the log‐rank test (Fig [2](#tca12345-fig-0002){ref-type="fig"}). Patients with high RelB expression had significantly shorter OS than those with low RelB expression (χ^2^ = 32.993, *P* \< 0.001; Fig [2](#tca12345-fig-0002){ref-type="fig"}). OS was not significantly correlated with age, gender, smoking status, or histology according to univariate Cox regression analysis (Table [2](#tca12345-tbl-0002){ref-type="table-wrap"}). However, short OS was correlated with low differentiation (hazard ratio \[HR\] 2.608, *P* = 0.004), advanced T (HR 2.196, *P* = 0.015), lymph node metastasis (HR 2.386, *P* = 0.014), distant metastasis (HR 2.726, *P* = 0.009), advanced TNM stage (HR 3.148, *P* \< 0.001), and high RelB expression (HR 6.942, *P* \< 0.001; Table [2](#tca12345-tbl-0002){ref-type="table-wrap"}). Moreover, RelB expression in adenocarcinoma and squamous cell carcinoma samples (HR 6.983, *P* \< 0.001), along with the differentiation level of cancer (HR 2.522, *P* = 0.008) was an independent prognostic indicator of OS in NSCLC patients.

![Correlation of RelB expression with overall survival in 115 non‐small cell lung cancer patients. The high RelB expression group has significantly shorter overall survival (P \< 0.001) than the low RelB expression group.](TCA-7-415-g001){#tca12345-fig-0002}

###### 

Univariate and multivariate analyses of OS in 115 patients with NSCLC

  Characteristics                          Univariate analysis     Multivariate analysis                                                     
  ---------------------------------------- ----------------------- ------------------------------------------------- ----------------------- -------------------------------------------------
  Age (\>60 vs. ≤ 60)                      1.505 (0.804--2.818)    0.201                                             ---                     ---
  Gender (male vs. female)                 1.552 (0.832--2.894)    0.167                                             ---                     ---
  Smoking (yes vs. no)                     1.206 (0.637--2.285)    0.565                                             ---                     ---
  Histology (ADC *vs*. SCC)                0.796 (0.410--1.543)    0.498                                             ---                     ---
  Differentiation (low vs. middle, high)   2.608 (1.517--5.674)    0.004[\*](#tca12345-note-0002){ref-type="fn"}     2.522 (1.276--4.985)    0.008[\*](#tca12345-note-0002){ref-type="fn"}
  T stage (T3, T4 vs. T1, T2)              2.196 (1.167--4.132)    0.015[\*](#tca12345-note-0002){ref-type="fn"}     ---                     ---
  N stage (N1 N2 vs. N0)                   2.386 (1.194--4.768)    0.014[\*](#tca12345-note-0002){ref-type="fn"}     ---                     ---
  M stage (M1 vs. M0)                      2.726 (1.287--5.773)    0.009[\*](#tca12345-note-0002){ref-type="fn"}     ---                     ---
  TNM stage (III IV vs. I II)              3.148 (1.689--5.869)    \<0.001[\*](#tca12345-note-0002){ref-type="fn"}   ---                     ---
  RelB expression (high vs. low)           6.942 (3.256--14.799)   \<0.001[\*](#tca12345-note-0002){ref-type="fn"}   6.983 (3.237--15.064)   \<0.001[\*](#tca12345-note-0002){ref-type="fn"}

The difference had statistical significance. ADC, adenocarcinoma; CI, confidence interval; HR, hazard ratio; NSCLC, non‐small cell lung cancer; OS, overall survival; SCC, squamous cell carcinoma; TNM, tumor node metastasis.

Discussion {#tca12345-sec-0016}
==========

In this study, we found that RelB expression was present at different expression levels in adenocarcinoma and squamous cell carcinoma. RelB expression was mainly detected in the cytoplasm of tumor cells, which was significantly correlated with degree of differentiation, depth of tumor invasion, lymph node metastasis, distant metastases, and TNM stage in patients with NSCLC. In addition, NSCLC patients with high RelB expression had significantly shorter OS than those with low RelB expression. Importantly, high RelB expression could be considered an independent prognostic factor for lower OS in patients with NSCLC.

NF‐κB was originally characterized as a molecule that could bind to the enhancer regions of immunoglobulin light chain genes.[15](#tca12345-bib-0015){ref-type="ref"} In resting cells, NF‐κB heterodimers were inactive and were sequestered in the cytoplasm by the binding of various inhibitory molecules, known as inhibitors of κB (IκB).[3](#tca12345-bib-0003){ref-type="ref"}, [16](#tca12345-bib-0016){ref-type="ref"} When triggered by different stimulators, NF‐κB is activated via classical or alternative NF‐κB pathways.[4](#tca12345-bib-0004){ref-type="ref"}, [5](#tca12345-bib-0005){ref-type="ref"}

RelB is one member of the alternative NF‐κB pathways. The *RelB* gene locates on chromosome 19q13.32, and encodes messenger ribonucleic acid from 11 exons, producing a protein of 579 amino acids.[17](#tca12345-bib-0017){ref-type="ref"} The RelB protein is very labile and normally sequestered in the cytoplasm by p100. RelB regulates important biological functions, such as lymphoid organ development, circadian rhythm, inflammatory response, and the xenobiotic detoxifying pathway.[3](#tca12345-bib-0003){ref-type="ref"}, [18](#tca12345-bib-0018){ref-type="ref"}, [19](#tca12345-bib-0019){ref-type="ref"}, [20](#tca12345-bib-0020){ref-type="ref"}, [21](#tca12345-bib-0021){ref-type="ref"}

Deregulated alternative NF‐κB activity is an important aspect of many hematological malignancies and solid tumors.[22](#tca12345-bib-0022){ref-type="ref"} In prostate cancer, RelB enhances prostate cancer cell growth and inhibits the radiosensitivity of cancer cells.[23](#tca12345-bib-0023){ref-type="ref"}, [24](#tca12345-bib-0024){ref-type="ref"} In breast tumors, RelB promotes cellular survival and confers more highly invasive phenotypes.[25](#tca12345-bib-0025){ref-type="ref"} In MM, Francoise *et al.* found that 40% of newly diagnosed MM patients have constitutive RelB DNA‐binding activity in CD138^+^ tumor cells.[10](#tca12345-bib-0010){ref-type="ref"} In chronic lymphocytic leukemia (CLL) cells, enhanced RelB activity increases the sensitivity of CLL cells to the proteasome inhibitor, bortezomib.[26](#tca12345-bib-0026){ref-type="ref"} Baicalin, as a potential therapeutic candidate for hepatocellular carcinoma, regulates RelB/p52 activation.[27](#tca12345-bib-0027){ref-type="ref"} Thus, according to previous studies, RelB has a tumor‐supportive role in diverse cancers. However, little is known about the role of RelB in NSCLC. Dimitrakopoulos *et al.* reported that RelB may play a role in the development and progression of NSCLC.[28](#tca12345-bib-0028){ref-type="ref"} In this study, we found that RelB expression was present at different expression levels in adenocarcinoma and squamous cell carcinoma. Moreover, we found that RelB expression was predominant in the cytoplasm of tumor cells, consistent with previous reports.[11](#tca12345-bib-0011){ref-type="ref"}, [23](#tca12345-bib-0023){ref-type="ref"}

To further clarify the role of RelB in the development and progression of NSCLC, the relationship between RelB expression and clinicopathological features was analyzed in NSCLC patients. High RelB expression was significantly associated with low differentiation, deep tumor invasion, positive lymph node metastasis, distant metastases, and advanced clinical stage. These results suggest that high RelB expression could play a role in NSCLC tumor progression and metastasis (data not shown), in line with a previous report indicating that RelB was correlated with tumor stage in NSCLC patients.[28](#tca12345-bib-0028){ref-type="ref"}

High RelB expression has been shown to serve as an independent poor prognostic factor, such as in mesenchymal glioma.[10](#tca12345-bib-0010){ref-type="ref"}, [11](#tca12345-bib-0011){ref-type="ref"} However, whether RelB expression could be an independent poor prognostic factor in NSCLC patients was unknown. In this study, for the first time, we demonstrated that the RelB protein expression in NSCLC samples was inversely correlated with OS, as the patients with higher RelB protein expression experienced shorter survival duration (χ^2^ = 32.993, *P* \< 0.001). Moreover, according to multivariate analyses, the high expression of RelB protein was a significant predictor of poor prognosis in NSCLC patients (HR 6.983, *P* \< 0.001).

In conclusion, based on IHC assay combined with clinicopathological characteristic analyses, our study indicated a strong clinical and prognostic significance of high RelB expression in NSCLC patients. Particularly, high RelB expression could be a strong prognostic marker for NSCLC in Chinese patients.
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